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cells are presented in graphical and tabular format as a function of 
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SECTION I 
INTRODUCTION 


This is the first in a series of parametric data reports obtained 
on silicon photovoltaic devices under a variety of intensity-temperature 
combinations. The purpose of this series is to provide engineering 
data on the electrical characteristics of devices of Interest to the 
photovoltaic ccjununity. The report consists primarily of working graphs 
and tables and does not address itself to interpretive conclusions. 

The formatting of this series of reports will be relatively invariant 
to facilitate comparisons between the characteristics of any two (or 
more) cell types considered in the series. 


SECTION II 
CELL DESCRIPTION 


The cells were manufactured by Heliotek, Division of Textron (now 
Spectrolab Subsidiary of Hughes Aircraft Company) and are commonly 
referred to as Mariner *71 solar cells. The cells were received at 
JPL in 1969 . They are fabricated from crucible grown P-type silicon, 
boron doped to a nominal resistivity of 2il-cm. The N/P junction was 
formed by means of phosphorus vapor diffusion to a depth of approximately 
0 . 3 /Am. The cells have areal dimensions of 2 cm 2 cm and a thick- 
ness of approximately cm. The cells have an antireflectance 

coating of SiO^ applied to the active (top) surface. The electrical 
contacts consist of Ti-Ag with an overlayer of solder. Tht ‘.ont con- 
tact consists of a solid busbar along one edge with six equidistant 
"fingers" running perpendicular to the busbar. The rear contact is 
a solid area contact. 

« 

Ihe cells are representative of those flown on the Mariner *69 
and *71 flight programs and, although not representative of present- 
day silicon solar cell technology, are of interest historically and 
for comparative purposes with regard to currently available solar 
cells. 


SECTION III 
TEST PROGRAM 


The solar cells were mounted on a copper test plate using RTV 560. 
The test plate was in turn mounted to a heat sink with provisions for 
both heating and cooling, so that the cells could be maintained at the 
desired temperature independent of the solar intensity. All testing 
was carried cut in vacuum at a pressure of less than 1 x 10~6 torr. 
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The illutiination source used throughout this test program was 
eui Aerospace Control Corporation Model 302 filtered solar simulator. 

This simulf.tor uses an optical integrator lens in the optical system. 

The lenses uniformly distribute a relatively collimated light beam at 
specific distances from a 2.5 kW short-arc xenon lamp. A system of 
filters modifies the spectral distribution so that it approximates 
that of space sunlight. At an illumination intensity of 135.3 
the light beam provides a pattern having a uniformity of approximately 
±2% over a square area of 225 cm2 (15 cm/side) at the test plane. The 
solar simulator beam was introduced into the v ,cuum chamber through 
a window of 7940 fused silica. The solar intensity and spectral in- 
tegrity of the solar simulator were constantly monitored and maintained 
in conjunction with the NASA/JPL solar cell standardization program. 

The intensity of the incoming light was varied primarily by means of 
neutral density filters. A diagram of the test setup is shown in Fig. 1. 


SECTION IV 
FIGURES AND TABLES 


The computer program computes statistical averages and standard 
deviations with respect to the measured cells for each intensity-temper- 
ature measurement condition. It then produces summary tables, as shown 
in Tables 1 to 7, that display averages and standard deviations of the 
cell characteristics in a two-dimensional array format, one dimension 
representing cell temperature and the second dimension representing 
incoming light intensity (AMO spectrum). The computer then produces 
plots of the various electrical parameters of interest, with either 
incident intensity or cell temperature as the independent variable, 
as shown in Figs. 2 to 15. Least square fits to the data points are 
then made automatically to the measured data points using a second- 
degree polynomial for all parameters except for Vqq parameters. 

In the latter case, the data points are fit with a linear expression. 

The fits are shown as solid lines on the figures. In addition, the 
computer calculates the temperature coefficients of the pertinent cell 
electrical parameters of interest, using the aforementioned curve fits, 
and plots these as a function of temperature, with intensity as a 
parameter, as shown in Figs. 16 to 19. 

The figures and graphs included herein are intended to be "working 
artifacts"; that is, they are formatted in such a way that they can supply 
information of a general nature or may be used to generate predictions, 
comparisons, computer input-data, etc. To '•.his end, the following in- 
formation is supplied on each figure and graph: 


( 1 ) 

Cell 

manufacturer 

( 2 ) 

Cell 

generic name (if any) 

(3) 

Cell 

polarity 

(4) 

Silicon starting resistivity 
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(5) Silicon growth technique 

(6) Solar cell geometric dimensions 

(7) Contact composition 

(8) Antireflectance coating composition 

(9) Sample size tested 

(10) Coverslide description (if any) 

Furthermore, to facilitate comparisons and inputting, all units 
are standardized as follows: 

(1) All currents are in units of raA/cm2 

(2) All voltages are in units of mV 

(3) All power outputs are in units of mW/cm2 

(M) All curve factors^ are in dimensionless units 

(5) All efficiencies are in percent and are based on 
total cell area 

(6) All temperatures are in °C 

(7) All incoming intensities are in units of raW/cm2 
and are representative of an AMQ2 spectrum 

(8) All geometric dimensions are in units of cm or /xm (whichever 
is mcst convenient conceptually) 

The graphs included in this report utilize complete grid patterns, 
and are of sufficient quality to allow their use as working graphs from 
which the engineer may derive needed relationships. All current and 
power outputs are on a unit area basis as arrived at by dividing the 
measured output by the total cell area. All solar cell efficiency 
curves (Figs. 8 and 15) are based on total ceil area. 

The tables included in this report contain complete numerical 
information with respect to the average values of the following solar 
cell electrical parameters: Ig^, Vqc, IPmax. Vp^ax. Pmax* CF, and 

efficiency at each intensity-temperature combination addressed. For 


. Imp ^ '^mp 

'CF = 

I3C ^ Vqc 

^AMO = air mass zero, representative of the spectral distribution of 
the Sun in near-Earth space with respect to energy versus wavelength. 
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each such parameter at each such intensity-temperature combination, 
the standard deviation is presented to provide estimates of statistical 
validity. All current and power output data is on the basis of unit area 
derived by dividing measured output by total cell area. All solar 
cell efficiency numerical data are based on total cell area. 


SECTION V 
CONCLUSIONS 


The data obtained appears to be well-behaved over the range of 
intensity-temperature combinations considered here. Current and power 
parameters are presented in terms of unit area outputs to facilitate 
comparisons independent of areal dimensions. Through interpolation 
of the Figs, 2 to 15 and Tables 1 to 7 , it is possible to determine 
electrical parameters of import (Isc» '^oc ^rap» Pmax» 

efficiency) for any arbitrary orbit profile within the confines of the 
extremes of intensity temperature combinations presented, provided 
that the equivalent solar intensity and equilibrium temoerature con- 
ditions are known or can be assumed. Conversely, if a minimum output 
for any or all of the parameters is required, the figures and tables 
may be used to determine the panel design that will meet or exceed 
this minimum for intensity temperature combinations within the bounds 
of the extremes. In addition to the electrical parameters discussed 
above, there are also included in Figs. 16 to 19 the temperature 
coefficients of the Isqi ^max f'igures of merit with intensity 

as a parameter. These temperature coefficients are particularly useful 
in computer predictions of current, voltage, and power profiles as a 
function of mission profile (again, where the solar intensity and cell 
equilibrium temperature are known or can be assumed). Also, a measure 
of the statistical validity of all data points is provided in Tables 
1 to 7 which indicate the standard deviation appropriate to each data 
point for each of the parameters addressed. 

The objective of these reports is to facilitate comparisons among 
solar cell types treated in this and in future reports with respect 
to electrial characteristics as a function of intensity and temper- 
ature (i.e., for sets of anticipated cell equilibrium conditions repre- 
sentative of particular mission profiles). Thus, for a given set 
of ii.censity-temperature conditions, these reports will assist the 
design engineer in selecting the cell type most appropriate for his 
or her needs and in determining the cell electrical characteristics. 
VTnile it is not the objective of these reports to draw conclusions 
with regard to which cell is best (as this, of necessity, depends upon 
the mission constraints and characteristics), it might be mentioned 
that preliminary measurements on more recently manufactured silicon 
solar cells indicate that the parameters of Ig^, I^p, Vn,p» Pmax* 
and efficiency of the more recently acquired cells are significantly 
in excess of those reported here (for the Mariner '69/'71 ce*ls tested) 
for most intensity-temperature combinations addressed. 
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Solar Cell Measurement Geometry Schematic 
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SHORT CIRCUIT CURRENT, mA/cm 



TEMPERATURE 


NELIOTEK (HI 0/MARINER 71 ) 

N/P 2 OHM-CM CO SILICON 

2 X 2 X .046 CM 

A6-T I -SOLDER CONTACTS 

SI-0 AR COATING 

SAMPLE SIZE 7 

NO COVERSLIDE 


Figure 2. Average Igc/cm^ As a Function of Temperature 
(Intensity As a Parameter) 


OPEN CIRCUIT VOLTAGE, mV 



MAXIMUM POWER CURRENT, mA/cm 




TEMPERATURE, °C 


HELIOTEK ( HtO/MARINER 71 ) 
N/P 2 OHM-CM C6 SILICON 
2 X 2 X .046 Cy 
A6-T I -SOLDER CONTACTS 
SI-0 AR COAT INC 
SANPLE SIZE 7 
NO COVERSLIDE 

Figure M. Average Inp/cm^ As a Function of Temperature 
(Intensity As a Parameter) 


ID nV/cM* 

A 24.2 

B 48.3 

C 96.6 

D 135.3 

E <93.3 


8 



MAXIMUM POWER VOLTAGE, mV 


77-27 
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HELIOTEK IHIO/yARINER 71 I 
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2 X 2 X .046 cy 
A9-TI-S0LDER CONTACTS 
SI-0 AR C0ATIN6 
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Figure 5. Average Vfflp As a Function of Temperature 
(Intensity As a Parameter) 
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Figure 6. Average Pmax/ciD2 As a Function of Temperature 
(Intensity As a Parameter) 


10 


77-27 



ID mW/em* 
A 24.2 
B 48.3 
C 96.6 
D 135.3 
E 193.3 


HELIOTEK I HIO/yARINER 71 ) 
N/P 2 OHM-CU C6 SILICON 
2 X 2 X .046 CM 
A6-TI-S0LDER CONTACTS 
SI-0 AR COAT INC 
SAMPLE SIZE 7 
NO COVERSLIDE 


Figure 7. Average Curve Factor As a Function of 
Temperature (Intensity As a Parameter) 
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EFFICIENCY, PERCENT 
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Figure 8. Average Efficiency As a Function of Temperature 
(Intensity As a Parameter) 
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Figure 9. Average IgQ/cm^ As a Function of Intensity 
(Temperature As a Parameter) 
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Figure 10. 


Average As a Function of Intensity 
(Temperature As a Parameter) 
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Figure 11. Average Imp/cm^ As a Function of Intensity 
(Temperature As a Parameter) 
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Figure 12. Average V^p As a Function of Intensity 
(Temperature As a Parameter) 
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CURVE FACTOR 
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Figure 1^4. Average Curve Factor As a Function of 
Intensity (Temperature As a Parameter) 
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Figure 15. Average Efficiency As a Function of 

Intensity (Temperature As a Parameter) 
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Figure 17. Vqq Temperature Coefficient 
(Intensity As a Parameter) 
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Figure 18. 


^max Temperature Coefficient 
(Intensity As a Parameter) 
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Table 1. Average Short Circuit Current, I-q (mA/cm2) 
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note: standard oeviatio-^s ape given In parentheses 




Table 3. Average Maximum Power Current, I^p (mA/cm^) 
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note; standard deviations are given In parentheses 
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MOTE! STAfjOARP OEVIATIOMS ARE GTvEn Im PAREmTHEseS 






Table 6. Average Curve Factor 
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Table 7. Average Efficiency {%) 
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